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ABSTRACT
"Two-Dimensional Gel Electrophoretic Analysis of Cellular
Proteins from Escherichia coli in the Presence of Mutated
and Homo logous Genes for 4.55 RN A"
May 1990
4.5S RNA is a small. stable, required molecule in Escherichia

coli whose precise function is not known. Previous evidence
suggests an involvement with the ribosome during translation. In
this study, four base insertion and four base deletion mutations were
constructed in a plasm id borne copy of the 4.55 RN A gene. These
copies. and two homologous genes from Pseudomonas aeruginosa
and Thermus thermophiJus were transformed into an E. coli strain
which then had its only wild-type 4.5S RNA gene inactivated. In
order to assess the effect of the alternative gene copies. the patterns
of proteins synthesized in the presence of the alternative gene copies
were analyzed using two-dimensional gel electrophoresis. Changes
were observed in the levels of certain proteins produced. but there
did not appear to be a global response. These few changes might
provide evidence for the hypothesis that only the synthesis of
certain proteins requires 4.SS RNA. More research is needed to
determine the identity of these effected proteins.

INTRODUCTION

There is still much that is not known about the bacterium

Escherichia coli, and the function of its 4.55 RNA is no exception to
this.

The 4.55 RNA is a small, relatively stable molecule of RNA that

compo'ses 1 to 2'70 of the total small RNA content in the cell. (Hsu et
aI., 1984) Further analysis into its seq uence and structure has
proposed a structure with remarkable base pairing, with 86 of the
114 bases (75% ) being paired (Bourgaize et at. 1984). The structure

. forms a stable hairpin looped helix. (see Figure One).
From the results of past experiments, it is known that the 4.55
RNA is essential for the viability of the E. coli (Brown and Fournier.
1984). In their experiment, the chromosomal gene for 4.55 RNA (ffs)

was inactivated by replacement of part of the wild-type 4.55 RNA
gene (ffs) with the gene for kanamycin resistance and a new gene for
the 4.55 RNA with a inducible (ptac) promoter region was added to
the cellon a t.. prophage. The new gene is induced by

isopropyl-~-D-

thiogalactos ide (IPTG). a lactose analog. The cells were grown in
media with IPTG present and then transferred to media lacking the
IPTG. Over the next several hours the cell growth, the protein
synthesis and the DNA synthesis were monitored at 535 nm, with the
use of
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methionine. and [4C thymidine respectively. The results

showed a marked cessation of growth accompanying the depletion of
the IPTG inducer. This lack of growth was preceded by a cessation of
protein synthesis and a cessation in the DNA synthesis. Since the
first measured effect was on protein production and other research
2

showed one of the early effects was a lack of functioning ribosomes,
the 4.55 RNA was postulated to be involved with the ribosome
functioning, specifically initiation. In vitro studies with poly-U RNA,
which does not require initiation, and natural RNA initially suggested
that the 4.55 RNA was involved in the initiation of translation.
The ribosome is where proteins are synthesized in the cell. It
is composed of a large (50S) subunit and a small (305) subunit.
These subunits can be broken down further into 235 RNA. 5S RNA
and 34 proteins for the large subunit and 165 RNA and 21 proteins
for the small subunit. The ribosome functions in a three part cycle
involving initiation, elongation, and termination. Figure Two
provides a schematic representation of the ribosome cycle. It should
be noted that there is less than a I: 1 correspondence of 4.5S RNA to
functioning ribosomes.
It was then shown that 4.55 RNA transiently attaches to the
ribosome to perform its function, which is somehow related to
elongation factor G (Brown, 1987). By isolating mutants which had a
lower requirement for 4.55 RNA, and then mapping these to the gene
for elongation factor G, it was determined that E. coli with these
mutated genes have an increased affinity of the 4.55 RNA for the
ribosomes. It was then postulated that the function of the 4.55 RNA
is in translocation in the ribosome.
Further studies into the effects of the 4.55 RNA have
determined at what step in the ribosome cycle the 4.55 RNA is
transiently attached (Brown, 1989). Using antib iotics which have
known specific effects on the ribosome during the different steps in
translation, it was shown that the 4.55 RNA leaves the ribosome after
3

translocation and before elongation factor G is released (See Figure
Two). It was postulated that the 4.5S RNA stabilizes the post
translational state by replacing 235 rRNA as the binding site for
elongation factor G. There has been determined to be an identical
sequence region (GAAGCAGCCA) on both 4.5S RNA and 23S rRNA in E.
coli, which strengthens this hypothesis.

Recent work has been done in the isolation and sequencing of
homologous genes to 4.5S RNA from other bacteria. The list of other
bacteria used includes Micrococcus lysodeikticus, Bacil1us subtilis,
Legione1Ja pneumophiJa, Pseudomonas aeruginosa and Thermus
thermophi Jus. A 11 of these homo logs isolated are ab Ie to comp lement

the E. coli wild type 4.5S RNA function. Other homologs have been
isolated from Schizosaccharomyces pombe, HaJobacterium haJobium.
and Homo sapiens. but they have not been assessed for
complementing function. While the secondary structure of all these
homologs differ somewhat, there is proposed to be a remarkable
degree of secondary structural symmetry and conserved regions
between organ isms (See Figure Three).
As an interesting note, it has been determined that there is a
conserved sequence between E. coli 4.55 RN A and Human Signal
Recognition Protein (SRP) RNA, along with other eukaryotic RNA's
(Poritl. 1988). The function of the Human SRP is currently believed
to be that it links translation of secretory or membrane proteins to
the translocation across or into the end op lasm ie retieu lum
membrane. Obviously. since E. coli do not have any organelles. this
cannot be the function of the 4.5$ RNA. but it is postulated that 4.55

4

RNA might have a function with proteins meant to be secreted out of
the cell membrane.
By looking for the effects of 4 .5S RNA mutants and homologs
(both denoted as 4.5S RNA*) on the patterns of protein synthesis, we
hoped to first determine if certain proteins were affected and
secondly to identify these proteins. My project this year has
involved constructing deletion and insertion mutations in the gene
for the 4.5S RNA in E. co/i. If the 4.5S RNA was mutated so that it
stilt functioned, but not as well as wild-type 4.55 RNA. then the
proteins that utilize 4.55 RNA might differ in concentrations as
compared to a normal control. These proteins whose concentrations
changed cou ld be analyzed and poss ib ly identified us ing twod imens ional gel elec trop hores is.
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MATERIAL AND METHODS
Chemjcals
3SS methionine
3H AA's'
aeetic acid
acrylamide
agarose
ammonium persulfate
ampholytes

Suoolier
leN Biomedical
ICN Biomedical
Baker Chemical
United States Biochemical
FMC Bio Products
Fisher Scientific
Pharmacia LKB Biotechnology
2-~-mercaptoethanol
Sigma
baeto-agar
Difco Laboratories
b is-aery lam id e
Sigma
bromophenol blue
Kodak
calcium chloride
Baker Chemical
chloroform
Fisher Scientific
coomassie brilliant blue
Sigma
Cytoseint liquid scintillation fluid
ICN Biomedical
dialysis tub ing
Spectrum Med ical Industries
dNTP's
Sigma
OTT (Dithiotreitol)
United States Biochemical
EDTA
Sigma
ethidium bromide
Sigma
fixer
Kodak
GBX developer
Kodak
glycerol
Baker Chemical
glycine
Uoi ted States Biochem ieal
IPTG (isopropyl-~-D-thiogalactoside)United States Biochemical
isoamyl alcohol
Sigma
methylene blue
United States Biochemical
Nonidet P-40
Sigma
phenol
Fisher Scientific
Resolution Enhancer
EC Products
salt solutions buffers for enzymes United States Biochemical
SDS (sod ium lauryl sulfate)
Baker Chemical
sodium chloride
Baker Chemical
TCA (trichloro acetic acid)
ICN Biomedical
TEMED
United States Biochemical
tris base
United States Biochemical
Triton X-I 00
United States Biochemical
tryptone
Difco Laboratories
urea
United States Biochemical
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yeast extract
zinc acetate

Difco Laboratories
Mallinckrodt Chemical Works

, the 3H amino acid mixture contained the following fifteen
amino acids, L-alinine, L-arginine, L-aspartic. L glutamic.
glycine. L-histidine, L-isoleucine. L-leucine. L-lysine. L
phenylalanine, L-proline, L-serine, L-threosine, L-tyrosine. and
L-valine

Solutions used
Acetate Solution

100 ml 5 M potassium acetate, 172 ml

5 M acetic ac id
Alkali-50S Solution

0.2 M sod ium hydroxide. I % 50S

10% Ammonium Persulfate 1.0 g Ammonium Persulfate brought

up to 10 ml with water

GTE

25 mM Tris-HCI, pH 8.0, 10 mM EDTA,
50 mM glucose

IEF Acrylamide Mix

2.838 g acrylamide, 0.162 g bis
acrylamide, 7.1 mt water

lOX Ligation Buffer

0.5 M Tris-He!, pH 7.4.0.1 M
magnesium chloride, 0.1 OTT. 10 mM
spermadine, to mM ATP, 1 mg/rol
bovine serum albumin

Lower Gel Buffer

181.5 g Tris base. 4.0 g SOS up to one
liter with water, (pH 8.9- with HCl)

lOX Blunt End Ligation
Buffer

0.5 M Tris-HCl. pH 7.4,0.1 M
magnes lum chloride,O.l OTT, O.SmM
ATP, 1 mg/ml bovine serum albumin

Lysis Buffer

5.7 g urea, 2.0 mt 10% NP40. 0.5 ml

mercaptoethanol, 0.4 rut pH 5-7
7

~

ampholytes, 0.1 ml pH 3-10
amphoplytes, 2.4 mt water
5X Mung Bean Nuclease
Buffer

0.15 M Sodium acetate, 0.25 M
sod ium chloride,S mM zinc acetate, 5
Triton X-I 00. and 440 ~1 water to

~l

bring the solution to one milliliter
NP4 a (10 io )

1.0 g Nonidet P-40 brought up to 10 rol
wi th water

Running Buffer (lOX)

30 g Tris Base. 144 g glycine, lag SDS
brought up to one liter with water

Sample Overlay

5.5 g urea, 5.0 ml water, 0.2 mt pH 5-7
ampholytes, 0.05 rol pH 3-10
ampholytes 3-10

SDS Lysing Solution

50 III 0.5 M Iris-HCI (pH 6.8), 80 ~l ISio
SDS, 2 0 ~l glycero1. 40 III f)
mercaptoethanol. 272 ~l water

SDS Samp Ie Buffer

125 ml upper gel buffer, 100 g glycerol.
22.5 g SOS. 50 ml p-mercaptoethanol, 1
ml 1 % bromophenol blue, brought to one
liter with water

Stain (2X)

200 mllOO% TCA, 200 mt 0.5%
Coomassie blue, 1500 m1 of a to: t
d it ution of water to glacial acetic acid

Stain

I: 1 dilution of 2X Stain and 95% ethanol

1/

I

Stain 1/2

l: 1 dilution of 2X Stain and water

8

STE

10 mM Tris-HCI, pH 8.0. 100 mM
sod lum chloride. 1 mM EDT A

THE

0.089 M Tris-HCr. pH 8.3, 0.089 M boric
acid,4 mM EDTA

Upper Gel Buffer (t OX)

12.1 g Tris base, 0.8 g 50S brought up to
200 ml with water

Strains and Plasmids Used.
Strains
DI

DH5cx

W311 O. F-, lac lO, L8, mal-, AR, fecA, ffs::KanR59I (A. CI857.
nin5. xhol::sall from plasmid pkk235)
F-, end A L hsd R17(RK-' Mk +), Sup E44, thi-I. A-. recA. gyr
A 96. rei A t (from Bethesda Research Laboratories Inc.)

Ptasmids
p223

4.6Kb AmpR, Tet S (From

p235

p 2 2 3/wi Id-type 4.55 gene ([[s) (from

pD36

same as p 235

pD37

p2231 [[s* (ApaI deletion)

pD38

p223/ffs* (MIu r deletion)

pD39

p223/ [{s* (Apa rand Mlu I deletions)

pD40

p223/ffs*(Mlu I insertion)

pD41

p223/[{s* (Apa I deletion and Mlu I insertion)

p560

pSP651 P. aeruginosa ffs* homologous gene
(obtained though M. Fournier)

p5G!

pSP651 T. lhermophilus ffs* homologous gene

J. Brosius)

(obtained though M. Fournier)
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J. Brosius)

Enzymes
Enzyme
Apal

From
United States Biochemical

Mlul

United States Biochemical

EcoRI

United States Biochemical

HindIII

Un ited States Biochemical

Mung Bean Nuc lease

Boehringer Mannheim

T4 DNA Ligase

United States Biochemical

Klenow fragment

Uni ted States Biochemical

Media

YT

8 g tryptone, 5 g yeast extract. 5 g sod ium chloride
per liter

MOPS

40 mM morpholinepropanesulfonic acid (MOPS), 4
roM Tricine, pH 7.4, 1.32 mM dipotassium
phosphate, 9.52 mM ammonium chloride, 0.523 mM
magnesium chloride, 0.276 mM potassium sulfate,
0.0 I mM ferrous sulfate, 0.5 ~M calcium chloride.
SO mM sodium chloride, 3 pM ammonium
molybdate, 0.4 !lID boric acid. 0.03 ~M cobalt
chloride, 0.01 !lM copper sulfate, 0.08 IlM
manganese chloride, 0.01 11M zinc sulfate
Solid media was made by addition of 13 g Bacto-agar per
liter of liquid media

Antibiotic Concentrations Used
Ampicillin
Kanamycin

20 0

~g/

rot

25 J.Lg/ mI

I0

20 J.1g/ rol

Tetracycline

Plasmid mini-preps
Five milliliters of an overnight culture grown in YT media were
pelleted at 3500 RPM (1296 x g) for five minutes in a Fisher
Scientific model 225 desktop centrifuge. resuspended in
approximately one milliliter of media, transferred to an Eppendorf
tube and pelleted again for a twenty second spin on a Beckman
model Microfuge E desktop centrifuge (approximately 12,000 x g).
The pellet was resuspended in I 00

~I

of GTE buffer with vigorous

vortexing. After five minutes at room temperature, 200

~l

of a

freshly made alkali-50S solution was gently added and the solution
left in ice for five minutes. Then 150 III acetate solution was added
with vigorous vortexing and the solution was left on ice again for five
minutes. This solution was centrifuged on the Beckman model
Microfuge E desktop centrifuge (approximately 12.000 x g) for one
minute and the supernatant was transferred to a new Eppendorf
tube. To the supernatant was added 900

~1

of 95% ethanol and the

solution was left for two minutes at room temperature. After a one
minute centrifugation, the pellet was washed with 70% ethanol and
dried in a Savant SUC 1OOH Speedvac Concentrator. The pellet was
resuspended in 20

~I

of water and stored at four degrees celcius until

needed. Approximately two to five microliters of final solution were
used for each digest.
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RNA mini-preps
Five milliliters of an overnight culture grown in YT media with
200 mg/ liter ampicillin and 0.0 15 mM IPTG were pelleted at 3500
RPM (1296 x g) for five minutes on a Fisher Scientific model 225

desktop centrifuge, transferred to an Eppendorf tube and pel1eted
again for a twenty second sp in on a Beckman model Microfuge E
desktop centrifuge. The pellet was resuspended in 400 1..L1 of TE
buffer. This solution was twice extracted with two volumes of
phenol already equilibrated with TE buffer. The aqueous phase was
precipitated by addition of two volumes of -20 ·C 95% ethanol and
one tenth volume 5 M sodium chloride. The solution was left at -20

·C for at least one hour. The solution was then centrifuged for two
minutes, the supernatant discarded and the pellet dried in a Savant
SUCI OOH Speedvac Concentrator. The pellet was resuspended in
forty microliters TE buffer. Approximately fifteen to twenty
microliters of final solution were used for each gel.

Restriction digests
Restriction digests were carried out per manufacturer's
specifications at 37 ·C with the recommended salt solution. Digests
were carried out for at least an hour and in most cases overnight.

Agarose gel electrophores is
Agarose gels of 0.7 to 1.4 % were made and run in THE buffer.
Most of the gels were run at eighty volts. though some were run
lower for better resolution. When the gels had progressed to
completion, they were removed from the gel apparatus and stained
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in approximately one hundred milliliters water with approximately
one mi 11 igram of ethid i urn brom ide added. The DNA was visualized
on a UV Transilluminator light box at 302 nm. These gels were then
photographed onto Kodak 665 or 667 film.

RNA gels
RNA was separated by size on a 10% polyacrylamide gel. To an
Erlenmeyer flask were added 13.3 rol of a 30% (19: 1 acrylamide:b is
acry1amide) acrylaminde solution. 2 ml lOX TBE. 170 JlI 10'70
ammonium persulfate. and approximately 27.7 ml water (to 40

ron.

The solution was degassed under a vacuum pump for approximately
three minutes. Fifty microliters of TEMED (N,N,N' .N'
tetrametylethylene d iamine) were add ed to polymerize. The solution
was then poured into the get apparatus, the comb was added and the
solution was left to polymerize. After the gel polymerized. fifteen to
twenty microliters of RN A samp les were loaded into each well. The
buffer used in most cases was 0.5X TBE. The gel was run at
approximately 250 volts until the sample running dye (running
buffer. glycerol. and bromophenol blue) was approximately 3/4 of
the way down. The gels were stained in a methylene blue stain for
an hour. and then destained in water. The gels were dried on a Slab
Gel Dryer Model SEIIGO from Hoefer Scientific for approximately two
hours at 80"C. If the gel was run overnight, the strength of the
buffer was increased to 1X TBE in both the gel and the buffer
solution.

Ligations
The ligations were performed us iog the instructions from the
T4 ligase manufacturer for the sticky-ends and per a variation of
13

Sambrook, et. al. (1989) for the blunt-end s. The reaction mixture for
sticky-ends was prepared by mixing 2

~1

of lOX I igation buffer. 2

of T4 ligase, approximately 1 flg of DNA and brought up to 20

~I

~l

total

with water. The ligation was left at 4 ·C overnight. The ligation
mixture was then extracted with phenol and precipitated by addition
of two volumes of -20 ·C 95% ethanol and one tenth volume

5M

sodium chloride. The solution was left at -20 ·C for at least one hour.
It was then centrifuged for two minutes. the supernatant discarded
and the pellet dried in a Savant

sue 1OOH Speedvac

Concentrator.

The pellet was resuspended in twenty microliters of water.
For blunt-end ligations, the ligation mixture was changed to 2

III of lOX 1igation buffer. 5 III of T4 I igase. approximately 1 ~g of DNA
and brought up to 20 III total with water.
Transformations
The transformation procedure is a variation of the
manufacturer's suggested procedure. Overnight cultures of DH5cx.
were grown the night before the transformations were to occur. A
few drops of the overnight solution was then added to SO rol of VT
media in a 250 ml Erlenmeyer flask which were then grown to mid
log phase on a shaking incubator. The cells were transferred to a
sterile oak-ridge tube and centrifuged at 4 ·C, 8000 RPM (5017 x g),
for five minutes on a Beckman model J2-21 centrifuge using a jA-20
rotor. The pellet was resuspended in twenty milliliters of a sterile
transformation buffer and left on ice for approximately fifteen
minutes. The cells were centrifuged at 4 ·C , 8000 RPM (5017 x g),
for five minutes again and the pellet was again resuspended in I.S
ml of transformation buffer. In a sterile Eppendorf tube were added
14

100

~1

of the now competent cells and 1-1 0

~l

of DNA. These were

left on ice for at least thirty minutes to transform. The solutions
were then heated to 42 ·C for two minutes in a water bath and then
placed back on the ice for two minutes. In order to allow for
phenotypic expression. 200

~l

of YT were then added and the cells

were then incubated for approximately thirty minutes. The entire
solutions were then plated out on YI plates with the appropriate
antibiotic for selection.
For the transformations into D I. the cultures were grown at 30
·C in MOPS minimal media. The cells were also not treated at 42 ·C
before they were plated out.

Mung Bean Nuclease digestions
Digests were carried out as a variation of Sambrook. et. al
(1989). One microgram of DNA already cut with either Apal or Mlu I
was mixed with 2 0

~l

5X Mung Bean Nuclease Buffer. 1 ~1 of Mung

Bean Nuclease (approximately fifty units), and brought up to 100 III
with water in an Eppendorf tube. The solution was incubated at 37 •
C for fifteen minutes. The en2yme was then deactivated by the
addition of I 0

~l

Tris-HCI (pH 7.6). This solution was then

immediately extracted twice with two volumes of phenol. The
aqueous phase was precipitated with two volumes of -20 ·C ethanol
and one tenth volume 5 M sod iurn ch loride. Aftef at least one hour
at -20 ·C. the solution was centrifuged for two minutes. the
supernatant discarded and the petlet dried in a Savant SUCI DOH
Speedvac Concentrator.

The pellet was resuspend ed in ten

microliters of TE buffer. All ten microliters of solution were used in
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a blunt end ligation reaction overnight at 4 AC. The DNA was then
transformed into competent DHSa bacteria (See Figure Four).

Fitling recessed 3' termini
Reactions were performed us ing a variation of Sambrook. et. al.
(1989). The Klenow fragment of E. Coli DNA Polymerase I was used
to fill in the overlapping 3' termini in the Mlul cut DNA. The Apa I
left a 5' overhang which could not be filled in by the Klenow
fragment. The reaction mixture was prepared by mixing 2 ml lOX
medium buffer. 8 III (approximately 2.5 Ilg) pD37 DNA. 4 III Mlu 1. and
brought up to twenty microliters with water. When the digestion
was assumed to be complete, 1 III of a solution of all four dNTP's
(approximately I mM) was added to the solution. One unit of the
Klenow fragment of E. coli DNA Polymerase I was then added for
each microgram of DNA in the reaction. This reaction was then
incubated for fifteen minutes at room temperature. The Klenow
fragment and the Mlu I were then inactivated by heating the
solution to 75 'C for ten minutes. The now blunt ended DNA was
religated following the blunt end ligation procedure (See Figure Five).

Curing strain D 1 containing p lasmids
Five milliliters of an overnight culture was grown at 30 'C with
ampicillin and IPTG. Four drops from this overnight culture were
transferred to a new overnight culture tube with IPTG and
ampicillin. This dilution was then grown for one hour at 30 "C. The
tubes were heated to 43 ·C for five minutes, and then iced for five
minutes. These were placed in a 30 AC incubator and grown for two
hours. Two hundred microliters of the cultures were then plated on
YT plates with ampicillin. kanamycin, and IPTG. These plates were
t6

grown overnight at 42 ·C and the colonies that grew were isolated
and then had their plasmids analyzed on a agarose DNA gel(See
Figure Six)

Two-dimensional protein gels
Two-dimensional gel electrophoresis was performed using the
method of Phi lips (1988).
Cell Extract: Overnight cultures of the selected bacteria were
grown at 37 'C in MOPS media with glucose and the appropriate
amino acids added until saturation. The next morning, these cultures
were diluted into the same MOPS media as before and incubated at
37 'C until in log phase. One milliliter of these samples were
transferred to screw-topped Eppeodorf tubes. For the short term
pulsed samples, five microliters of 355 labeled methionine (I,150
Ci/mmol, SO mCi/mO were added to the one milliliter of cells and the
cells were incubated again for five minutes. This solution was then
chased with a cold 0.167 rol of 0.2 M unlabeled methionine for three
minutes. For the steady-state extracts, the cells were diluted from
overnight cultures, in minimal MOPS media with no amino acids
added and grown to early log phase. Five microliters of a 3H sample
of fifteen amino acids (1.0 mej/ ror. 250 mCi/ rog) were added to one
milliliter of these cells and they were incubated for another two and
a half hours. Both groups of pu Ised cells were then pelleted by
centrifugation for twenty seconds. The supernatant was discarded
(excess supernatant was removed by syringe and need Ie). Eight
microliters of SDS lysing solution were added to resuspend the pellet
and the sample was placed io a boiling water bath for four to five
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minutes. One hundred microliters of lysis buffer were then added.
The extract was then stored frozen at -20 AC.
First Dimension Gel: In a test tube the following were mixed.
1.73 g urea, 399
600

~l

~I

IEF acrylamide solution, 600

~l

10% nonidet NP40.

water. 120 ).11 ampholytes. pH 5-7, 30 ).11 ampholytes. pH 3-10.

The urea was completely dissolved by warming the test tube slightly
in my hand. Meanwhile. ten acid-washed glass tubes were obtained
and marked eleven centimeters from the bottom. The bottoms were
sealed tightly wi th parafi 1m and then the tubes were taped into a
vertical position. When the urea was dissolved. the solution was
degassed with a vacuum pump. To the solution was added and
gently mixed 3

~l

of 10% ammonium persulfate and 2.1 ).11 TEMED.

The acrylamide solution was then added to the lines marked on the
tubes. The solution was added through 0.965 mm outside diameter
tubing to prevent air bubbles forming in the gel. All of the tubes
were overlayed with ten microliters of 8 M urea.
When polymerized. the paraf i 1m was removed and the tubes
inserted into the gel apparatus with lower buffer already in place.
Lower buffer was inserted into the bottoms of the tubes so that
bubbles did not form below the tubes. Two microliters of extract
was added to five milliliters of Cytoscint ES· liquid scintillation
cocktail and the counts per minute were determined. Approximately

5 X 10 6 CPM of sample were used in each tube for the

3SS and

approximately I X 105 CPM per tube for the 3H. The urea overlays
were removed. and the samples were added to the tubes. The
samples were overlayed with sample overlay buffer and the top
chamber was filled with top buffer. The gels were run overnight at
18

400 volts and then for one hour at 1000 volts. The gels were
removed from the tubes with air pressure from a syringe with a 200
~l

yellow pipette tip attached. The gels were placed into five

milliliters of SOS sample buffer and allowed to equilibrate for 20 - 30
minutes. and then Quick frozen in a cold bath and stored at -20 ·C.
Second 0 imens ion Gel: Aline was marked 12.5 cm up from the
bottom on the gel plates used. These gels were easiest to assemble in
smaller numbers. For four gels, 30 ml of lower gel buffer. 46 ml of
30% acrylamide stock, and 44 ml of water were added in a 250 ml

Erlenmeyer flask. This solution was then degassed and 396
ammonium persulfate and 60

~l

~l

of

of TEMED were added. The solution

was then added to the line on the apparatus with a 25 ml glass
pipette. The gel was overlayed with water dripped in from the sides
with a syringe. After polymerization, the water was removed and
the gels dried more with the application of a filter paper. In a 250
rol Erlenmeyer flask were added 6.25 ml upper gel buffer, 3.75 ml
30% acrylamide stock, and 15 ml water. The solution was degassed

and 56 ~l of ammonium persulfate and 19 !-ll of TEMED were added.
The solution was then added to the top of the gels. This was also
overlayed very carefully with water. When polymerized, the water
was removed with a syringe and one of the thawed tube gels was
placed on each gel. Running buffer was added to the apparatus and
run overnight at approximately 45 volts until the dye was at the
bottom of the gel. The 3SS gels were then placed in 2-D stain

#

I for

3.5 hours. drained, then 2-D stain 112 for 15 minutes, drained, then
placed in destain (7.5% acetic acid) for 15 minutes. The gels were
then transferred to f i 1ter paper and dried. For the 3H gels. the gels
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were placed in 2-D stain

I(

I for 3.5 hours. drained. destained for one

hour in 7.5 % acetic acid, drained, then 166 ml of Resolution Enhancer
was added for 45 minutes. This was drained. and the gels were
placed in 400 mt of cold I % glycerol for 30 - 60 minutes. The gels
were then transferred to filter paper and dried at 65 ·C for 90
minutes.
Exposure and Developing of Film: For the 35 5 two dimension
gels, the dried gels were exposed to Kodak XAR-5 X-ray film at room
temperature in X-ray film holders. The 3H two dimension gels were
also exposed to Kodak XAR-5 film, but left at -80 ·C for exposure.
After the exposures were complete, the film was placed two minutes
in Kodak GBX developer, washed thirty seconds in water, placed four
minutes in Kodak GBX fixer, and washed in water for ten to thirty
minutes. The film was then hung to dry and later analyzed (See
Figure Seven).
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RESULTS
The decision to use Mung Bean Nuclease to create the deletion
mutations in the ffs (4.5S RNA structural gene) came after numerous
attempts using nuclease Ba131. The specificity of the Mung Bean
Nuclease for single stranded DNA made it the choice of exonucleases.
The Mung Bean Nuclease would remove any single stranded DNA,
regardless of whether it has a 3' or 5' overhang, This fact made it
possible to assume that the deletions were of only four base pairs,
since both Apa I and Mlu I leave four base overhangs. After
deletions with the Mung Bean Nuc lease, the now blunt ended
plasmids were fe-ligated using the method fOf ligation of blunt
ended DNA as described above, The plasmids were then transformed
into the DH5a. strain. DH5a was used as the "work ing" strain during
most of the steps of this project due to its ease of transformation.
The transformed celts were plated out onto YT-Ampicillin plates to
select for the ampicillin resistance with the plasmids, The colonies
that survived were restreaked and mini-preparations of their
plasmid DNA were prepared, The deleted ffs* (altered Us) plasmids
were selected by their inability to be cleaved with the restriction
enzyme initially used to linearize them before the Mung Bean
Nuclease deletions (See Figure Four),
The filling of the recessed 3' termini was accomplished only for
the Mlu I site. The Apa I site leaves a 5' overhang, which the Klenow
fragment of DNA Polymerase I does not fill in. Using the method
described above, the Mlu I site was filled in. and the now blunt
ended DNA was again re-ligated using the blunt end ligation
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procedure. The plasmid was transformed into DH5a and plated out
onto YT-Ampicillin plates to select for the ampicillin resistance on
the plasmids. The surviving colonies were re-streaked and plasmid
mini-preps were performed. The insertion mutations destroyed the
Mlu I site but the four base sequence inserted made a BssH II site.
The mutations were assessed by their ab ility to be linearized by BssH
II and their inability to be linearized by Mlu I (See Figure Five).

Using the two unique restriction sites of Apa I and Mlu I in the
ffs on p235, we were able to accomplish every combination of

deletion. insertion, and deletion/insertion mutations possible with
these enzymes under these conditions (See Figures Eight and Eleven).
These mutants and the two homologous ffs* 's were then
transformed into the D I strain of E. coli previously constructed by
David Bourgaize. The D I strain was used because its only wild-type
ffs is on a curable A. phage. The chromosomal wild-type lIs was

previous ly inactivated by the fusion of the gene for kanamyc in
resistance into this ffs gene. The A. phage copy of Irs is on a inducible

Ptac promoter. Once the ffs* p lasmids were in D I. the A phage was
then cured (the A phage copy of the Irs is destroyed in the process).
D I was then dependent on the Ils* cop ies for their 4 .5S RNA*
mutants or homologs to complement the function of the wild-type ffs
(See Figure Six).
The D 1 cultures containing the p lasmids pD39 and pD41 did not
cure of the A phage. This was assessed by the cells lysing at 42

ac.

This suggests that the strains dependent only on pD39 and pD41 for
their 4 .5S RNA* are non-viable. D39 ffs* contains deletion mutations
at both the Apa I and the Miu I sites. D41 ffs*" contains a deletion
22

mutation at the Apa I site and an insertion mutation at the Miu I
site. The initial plasmid pD38 that was chosen did not turn out to be
the expected mutant later on. This was corrected for by using
another Miu I-Mung Bean Nuclease mutant original1y designated
D38G. This is the plasmid used for the experiments.
RNA gels were then run on the D I strains in the presence of the
ffs·'s (See Figure Nine). There were obvious differences comparing

the 4.55 RNA*'s to the wild-type 4.55 RNA. The homologous and
mutant 4.55 RNA*'s varied in both apparent concentrations and
positions on the gel. D37 4.55 RNA* did not appear to differ very
much from the wild-type 4.55 RNA. The strains containing pD39 and
pD41 appeared to have low levels of 4.55 RNA. again suggesting that
the A. phage had not cured and was provid ing the needed 4.55 RN A.
80th D39 and D41 still required being grown in IPTG for viability,
presumably to induce the uncured A. phage ffs copy. Interestingly.
though the D39 and D41 contain multicopy plasmids with the ffs*.
there were no apparent overproduced bands for these on the gel.
This would suggest that the mutations cause the 4.55 RNA*'s to be
rapidly degraded by the cells.
The two-dimension gels of the cellular proteins synthesized
under the influence of the lls· were run as descri bed above (See
Figure Seven). The cell extracts were prepared with a short-term
(five minute) pulse of 35 5 methionine and a long-term period with 3H
amino acids. The different time periods should provide a better
picture of the protein concentrations in the cells under the infl uence
of the homologous and mutant lls*. A t this time however the 3H
I

extracts did not contain enough counts per minute to produce
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adequately exposed film. From initial inspection of the 3H gels, there
again were differences. but due to underexposed film. these could
not be analyzed comp letely.
There were differences found when comparing the
autorad iographic films of the cells dependent on the Ils* to the wild
type ffs control. There was not a global change in the proteins
produced (See Figure Ten) However. there were changes in the
levels of a few proteins per gel. The position of these proteins were
compared to the "Gene-Protein Index of Escherichia coli K-12. Edition
2" (Philips et al, 1987). For the most part. the proteins whose
concentrations varied among the ffs* used were not identified in the
index at this time (See Chart One).
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DrSCUSSION

Using the method described above for Mung Bean Nuclease
deletions and Klenow fragment insertions, we were ab Ie to construct
and isolate mutations in the ffs (4.5S RNA structural gene). The 4.5S
RNA* produced by these mutated [fs* and homologous ffs* genes
appear different when analyzed on non-denaturing RNA acrylamide
gels (See Figure Nine). This suggests differences in the structures of
these ffs·s. The 037 4.5SRNA* appears to have the same mobility on
the gel as normal 4.5S RNA. The 038 and 040 4.5S RNA*'s have less
mobility on the gel. suggesting a greater tertiery structure. This
could be due to their havi ng less avai lab Ie base pairing or perhaps
due to the mutations interfering with the terminator region of the
gene. The 561 ffs*has a higher mobility on the gel. suggesting a
tighter 4.5S RNA* structure than the wild-type 4.55 RNA. The 561
4.5S RNA* is believed to contain only 105 bases, so this finding is
understandab Ie.
The 039 and the 041 ffs*'s produce non-viable mutations in the
gene. This might be due to each having two mutations in the gene
while the other ffs*'s have only one, The homologs used have a
proposed similar secondary structures to the 4,55 RNA's hairp in
helix. This suggests that the secondary structure is important in the
function of the 4 ,5S RNA. Having two mutations in the gene might
hinder base pairing, disrupting the 4.5S RNA bind ing or leaving it
open to degradation by the cell. My attempts on paper at
rearranging the mutated 4.5S RNA*'s in order to optimize the most
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base pairing were very unsatisfactory. The mutations constructed
here would leave more of each of the 4.5S RNA*'s single stranded.
but the end "concensus" region remains intact.
The Apa I site is located on bases 104-109 (See Figure One).
Changes in this region would leave the ends of the 4.5S RNA* more
single stranded in this area. Wild-type 4.5S RNA has sixteen
consecutive base pairs in this region. This area normally is rich in
G-C binding, which are disrupted by the Apa I deletion mutations.
The Mlu I site is located on bases 77-82. This area is located near a
region considered to be conserved between d Hferent organisms
(Struck et aI, 1990). Again my attempts at optimizing the base
pairing on paper with the mutations were unsatisfactory.
There did not appear to be any global changes in the proteins
synthesized in the presence of the

[[5*.

There were marked changes.

but in only a few proteins per celt (See Chart One for list of proteins
per cell). With the homologous 561

[[5*,

there is one protein in

particular that is expressed very much more than before. This could
possibly be due to an open read ing frame on the multicopy plasmid
containing 561 [fs* (this needs to be investigated further). Perhaps
when these proteins are identified, a better understand ing of the
function of the 4.55 RNA can occur. This might provide evidence for
the hypothesis that the 4.55 RNA is only required for a few essential
proteins to be synthes ized (Brown, 1989). This wou ld help to explain
why there are less 4.5S RNA's in the wild-type E. coli than there are
translating ribosomes.
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More work wilJ be needed to determine the function of 4.55
RNA. It would be interesting to determine the growth curves of 01

dependent on the various ffs*'s. Further research on the identity of
those protein's whose concentrations are changed in the presence of
the ffs* is also needed. There are also other homologs of 4.55 RNA
which were not obtainable during this pro;ect. These homologs
should also be tested. Of particular interest are the ffs*from Bacil1us

subtilis and the "more highly evolved" organisms, which are very
large in comparison to the E. coli 4.55 RNA. More mutations could be
made by constructing point mutations in the conserved regions of the
4,55 RNA and the effects of these mutations could also be analyzed.
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Figure Nine.
A non-denaturing polyacrylamide gel of the 4.5S RNA*
produced in the presence of the ffs* in the 01 strain.
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Lane 1 - D36 control
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.Lane 3 
Lane 4 
Lane 5 - 038
Lane 6 
Lane 7 - 039
Lane 8 - D40
Lane 9 - D41
Lane 10 - 561
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Figure Eleven.
DNA gels of the ffs* plasmids, incubated with the
appropriate endonucleases. The lanes are as follows:
ItA. Lane Number
Should Cut
Appears
Lane I - 5 ~I A phage/Hind III marker
Lane 2 - D36/ Apa I
+
Lane 3 - D36/ Mlu I
+
+
Lane 4 - D37/ Apa I
Lane 5 - D37/ Mlu I
+
+
Lane 6 - D38/ Apa I
+
Lane 7 - D38/ Mlu J
+
Lane 8 - D39/ Apa I
Lane 9 - D39/ Mlu I

Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane

10 - D40/ Apa I
11 - D401 BssH II
12 - D41/ Apa I
13 - D41/ BssH n
14 - 560/ Eco RI
15 - 5611 Eco RI
16 - 10 JlI A. phagelHind III marker
17 - 10 III A. phagelHind III marker

Lanes 2,6, and 7 redone in IB:
lIB. Lane Number
Appears
Lane 1 - 5 III A phagelHind III marker
Lane 2 - uncut p235
Lane 3 - D36/ Apa I
Lane 4 - D38 / Apa I
Lane 5 - D38 1 Mlu I

+
+

+
+

+

+

?

?

?

?

Should Cut

+

+

+

Other MIu I deletions (D38):
IIC. Lane Number
Should Cut
Appears
Lane 1 ~ 5 III A. phagelHind III marker
Lane 2 - uncut p235
Lane 3 - 0381 Apa I
+
+
Lane 4 - D38/ Miu I
Lane 5 - 038FI Apa I
+
Lane 6 - D38F/ Miu I
Lane 7 - D38G/ Apa I
+
Lane 8 - D38GI Mlu I
Lane 9 - D38H/ Apa I
+
Lane 10 - D38HI Mlu I
Lane 11 -10 III A phage/Hind III marker
Note, the Apa I enzyme was not working anymore at this point In
time. The D38G referenced here is used as the actually D38
throughout the rest of the experiment, because the original D38 was
not the mutation it was initially believed to be.

Chart One. Comparison with the "Gene-Protein Index of Escherichia
coli K-12, Edition 2" (Philips et aI, 1987), of the 35 S-labeled ffs* two
dimension autoradiography films. The coordinates given match with
the coordinates of the gene-protein index coordinate map. There was
no 560 analyzed due to a technical malfunction. Note, the
descriptions "New" and "Gone" imply marked changes in protein
concentrations, while the "more" or "less" imply smaller changes.
Concentration Coordinates
Name

D37
Less

52 X 79

Unknown

More
New
More
More
More
More
More
Less
Gone

30 X 85
25 X 80
58 X 72
77 X 79
80 X 84
101 X 83
105 X 87
52 X 62
33 X 60

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

More
More
More
More

59
69
81
96

75
76
78
68

Unknown
Unknown
Unknown
Unknown

More
More
Gone

92 X 69
93 X 81
33 X 60

Unknown
Unknown
Unknown

More
More
Gone
Less

81
81
34
48

X
X
X
X

Unknown
Unknown
Unknown
Unknown

More
New
More
More
More
More
Gone
Gone

59
66
69
70
74
77
68
48

X 77
X 76
X 74
X 76
X 76
X 77
X 93
X 68

D38

D39
X
X
X
X

D40

D41
78
80
62
68

561
Methyl-tRNA Formyltransferase
Branched chain amino acid transferase
Unknown
Unknown
Thioredoxin reductase (NADPH)
Unknown
Unknown
Unknown

